HejiOKajibHaa KOMSHHHpoBaHHaa sa^ana THna 
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B pa6ome paccMampueaemcH sadana c ycAoeuHMU Euii^adae-CaMapcKogo 
u CaMapcKozo-MoHKUHa djin cucmcMU nceedonapa6oAUHecKux ypaeneHuu 



, uemeepmozo nopndKa c paapuenuMu K09(f}(f)unueHmaMU. 

■ KjiiOHeBBie cjiOBa: nceB/i;onapa6ojiHHecKoe ypaBHCHHe, HejioKajibHaa 

^ ' sa/iana. 
» ' 

BBe/],eHHe. B ^aHHoii cxaxbe b o^hom aHHsoxponHOM npocxpaHcxBe C.Jl. 
CoGojieBa Hccjie;];yexcH nejioKajiBHaa KOMGnnHpoBaHHaa aa^ana xnna BHn;afl3e- 
>• . CaMapcKoro h CaMapcKoro-HoHKHHa o;];Horo BexxopHoro ypaBHCHHa nceB- 

l/^ • flonapaGojiHHecKoro xnna c flOMHHHpyiomeH npoHSBO^Hofi HexBepxoro nopa;i,Ka c 

^ I Herjia;];KHMH KoscJicJiHi^HeHxaMH. Oco6o HyjKHo oxMexHXb, hxo HejioKajibHbie sa^a- 

^ . xHna BHn;afl3e-CaMapcKoro h CaMapcKoro-HoHKHHa HanajiHCb c pa6oxt.i [1] h 

' pasBHBajiHCB B pa6oxax [2-5] h ^p. /I,ji5i ^ocxaxoHHo a^eKBaxHoro onncaHHa 6ojit.- 



niHHCXBa peajiBHbix npoi],eccoB, npoHCXoflmHX b npnpo^e, xexHHKe h x.^. npHBjie- 
KaioxcH nceB^onapaGojiHHecKHe ypaBHeHHsi [6-8]. Mnorne npoij,ecct.i BosHHKaio- 
mne B xeopHH 4)Hjit>xpaii;HH >kh;],kocxh b xpemHHOBaxbix cpefl,ax [9] , onncbiBaioxca 
nceB;];onapa6ojiHHecKHMH ypaBHeHHsiMH c paspbiBHbiMH K03(|)cJ)Hii,HeHxaMH. Hpn 
3XOM MaxeMaxHHecKaa Mo;];ejib npoLi;ecca ;];onojiH5iexcH HejioKajibHbiMH KpaeBbiMH 
ycjioBHSMH XHna BHn;a;];3e-CaMapcKoro h CaMapcKoro-HoHKHna [10]. Axxyajit.- 
Hocxb Hccjie^oBaHHH, npoBo^HMBix B 3XOH o6jiacxH, o6x.5icH5iexc5i noaBjieHHeM 

JIOKajIBHBIX H HejIOKajIBHBIX rpaHHHHBIX Sa^an ^JIH ypaBHeHHH C paspBIBHBIMH 
K03cJ)cJ)HH;HeHXaMH, CBasaHHBIX C paSJIHHHBIMH HpHKJia^HblMH sa^aHaMH. Sa^aHH 

xaKoro XHHa BOSHHKaiox, b nacxHocxn, npn Hccjie^oBaHHH BonpocoB 4)HjiBxpaH;HH 
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jKHflKOCTH B HopHCTbix cpcflax, BjiaronepeHOca b rpyHTax, pacnpocTpaneHHa hm- 
nyjibCHbix jiyneBbix bojih, b paajiHHHbix SnojiorHHecKHx npoii;eccax h b xeopHH 
oSpaTHbix aaflan. HosTOMy TeiviaTHKa flaHHoii paSoTbi BecbMa aKTyajiBna fljia 
pemeHHa MHornx TeopeTHnecKHx h npaxTHHecKHx aaflan. HnjKe fljia HCCJieflO- 
BaHHH TaKHx 3aflaH npefljioacena MeTOflHKa, Koxopaa HCcnojitayeT coBpeMeHHbie 
MeTOflbi TeopHH 4)yHKii,HH H (jDyHKi^HOHajiBHoro anajiHsa. Ona HSjioacena b ochob- 
HOM npHMeHHTejiBHO K nccB/j,oiiapa6ojiHHecKHM ypaBHeHHSM neTBepToro iiopa/j,- 

Ka C paspblBHblMH K034)4)Hn;HeHTaMH. IIpH 3TOM BaJKHblM npHHIi;HnHajIbHL.IM MO- 

MCHxaM HBjiHeTca TO, HTO paccMaTpHBacMoe ypaBHCHHe o6jia^aeT, paspbiBHbiMH 

K034)(j3HII,HeHTaMH KOTOpBie y;],OBJieTBOp5IIOT TOJIBKO HCKOTOpblM yCJIOBHHM THIia 

P-HHTerpHpyeMOCTH h orpaHHHeHHOCTH T.e. paccMOTpeHMbiii iiccB/],oiiapa5o.;iH- 

HeCKHH ^H4)4)epCHLI,HajIbHbIH OlICpaTOp HC HMCeT Tpa/J,HLI,HOHHOrO COIipHJKCHHOl^O 

oiicparopa. /],ajKC b HacxHOCTH, naiipHMcp, iipn ycjiOBiiax Fypca 4)yHKii,HH PHMa- 
Ha fljia TaKoro ypaBHCHHa He MoaceT 6biTb HccjieflOBana KjiaccHHecKHM MeTo^oM 
xapaKxepHCTHK. 

1. IIocTciHOBKa aa^aHH. HycTb aaflano ypaBHenne 

1 3 

(K,3«) {t, x) = DtDlu {t, x) + Y,Yl i^tDiu {t, x)) Aj {t, x) = 

= Zi,3 {t, x) , {t,x) eG = {to, ti) X (xo, (1) 
HanajibHoe ycjiOBne 

(Iqu) (x) = u {to, x) = Zo{x) , X e {xo, xi) , (2) 

H rpaHHHHbie ycjiOBHs Tnna BHi];afl3e-CaMapcKoro h CaMapcKoro-HoHKHHa [11] 

(liu) {t) = U {t, Xo) Q;i,1 + {t, Xo) Q;i,2 + U^x {t, Xq) Q!i,3 + U {t, Xi) ^1,1 + 

+U^{t, Xi) /3i,2 + Ua:x {t, Xi) /3i,3 = l/ji (t) , 
{I2U) {t) = U {t, Xo) a2,l + {t, Xo) a2,2 + U^x {t, Xq) Q!2,3 + U {t, Xi) /32,1 + 

+U^{t, Xi) p2,2 + U^x {t, Xi) p2,3 = 1p2 (t), (3) 
(llu) (t) = U (t, Xo) a3,l + Ux {t, Xo) ^3,2 + U.XX (t, Xq) ^3,3 + U {t, Xi) /33,i + 
Xi) /33,2 + U^x {t, Xi) /33,3 = -03 (^) , te {to, ti). 
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HeKOTopbie KjiaccM rpaHHHHbix aaflan ^jia ypasHeHHa (1) b onpeflejieHHOM 
CMbicjie CTasaTca anajiornHHO HSBecTHbiM rpaHHHHbiM saflanaM fljia napaSojiH- 
necKoro ypaBHeHHfl Dtu{t,x) — D'^u{t,x). HosTOMy MHorne aBTopbi ypaBHenne 
BHfla (1) HasBiBaiOT nceBflonapa6ojiHHecKHM. SaivieTHM, hto paccMaTpHBaeMoe 
nceBflonapaGojiHHecKoe ypaBHeHHe - sto o6o6iii,eHHe mhophx MOflejiBHbix ypaBHe- 
HHH HeKOToptix npoii;eccoB (nanpHMep, oGoGmeHHoro ypaBHeHna Bjiaronepenoca, 
ypaBHeHHa TenjioiipoBO^HOcrH, ypaBnenHa KOJieGanns cxpyHbi, h.t.^j,.). 

3flecb: u {t, x) = (ui (t, x) , {t, x)) — n- MepHaa HCKOMaa BeKxop (|)yHK- 
n;Ha; aij h /3j ,,- sa^aHHbie nxn- MepHbie riocTOHHHbie MaTpHD,t>i, Aij {t, x)- hsmc- 
pHMbie Ha G MaTpHHHbie (j3yHKLi,HH iiopa^Ka nxn, y^oBjieTBopjiiomHe ycjioBHJiM: 

Aqj [t, x) G Lp (G) , j = 0, 1, 2 H cyin,ecTByiOT 4)yHKii,HH A^j {x) G Lp {xq, Xi) 

H yl.Q3 (t) e Lp (to, ti) TaKHe HTO, BbinOJIHeHBI yCJIOBHS 

11^1,, (t, x)\\<Al^{x), J = 0,1,2 

H 

\\Ao,3(t, x)\\<Al,{t) 

iioHTH BCio^y Ha G, r^e || || eBKjiH^OBa Hopna cooTBexcxByioHteH MaTpHH,t>i (hjih 
BeKTopa); Zq (x) G M^pirl {xq, Xi), a xaKJKe ipi (t) , -02 (t) , "03 (t) e VFp,^i (to, ^i)- 
3a/j,aHHbic n- Mepnbie BeKTop -4)yHKLi,HH, r/j,e Wp]^^ {yo, yi)- iipocTpaHCTBO n- 

MepHblX BeKTOp-4)yHKLI,HH Z {y) = {Zi (y) , Zn {y)), HMeiOmHX B CMblCJie C.Jl. 

Co6ojieBa iipoHSBO^Hbie Z' (y) , Z^'^^y) G (yo, a (yo, upo- 

CTpaHCTBO BCeX CTpOHHblX BCKTOpOB Z (y) = [Zi {y) , . . ., Z^ {y)) C SJieMeHTaMH 

H3 Zi [y) G I/p (i/o, , ^ = 1, JT-- PemeHHe saflann (l)-(3) 6yfleM HCxaTb b npo- 
CTpancTBe C.Jl.Co6ojieBa 

W^f^ (G) = {ue Lp,^ (G) \ i^J G L,,„ (G) , z = 0, 1, j = 0, 1, 2, 3} 

c flOMHHHpyiomeii npoHSBOflHOii DfD^. HopMy b HeM onpeflejiHM paBencTBOM 

1 3 

OHeBHflHo, HTo npaBbie nac™ Zq (x) ipi{t) , i = 1,2,3 ycjioBHfl (2) h (3) 
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flOJiacHM YflOBjieTBopaTb ycjiOBHaM corjiacoBaHHa 



Zo (.«o) + ^0 (^o) "1,2 + ^0 (-^o) "1,3 + Zq (xi) 

+ ZaXi)A,2+^aXi)/?i,3 = ^l (to) 

-^0 (a^o) "2,1 + Z'q {Xq) ^2,2 + ^0 (^o) "2,3 + -^0 {Xl) 1^2,1 + 
+Z'^ (Xi) /52,2 + Z'^ (Xi) /32,3 = -02 (to) 

^0 (3:0) Q!3,l + Z'q (xq) 0:3,2 + ^0 (3^0) ^3,3 + ^0 {Xl) /53,1 + 

(xi) /33,2 + Z'i (xi) ^3,3 = ^3 (to) 



HajiHHHe ycjioBHH corjiacoBaHHH osHanacT, hto ycjiOBHHMH (2) h (3) sa^^anbi 
TaKJKe HCKOTopbie HSjiHiuHHe HH4)opMaLi,HH o pemeHHH. HosTOMy JKejiaxejibHO, 
'iToGbi B nocxaHOBKe 3toh aafla^H ne oKasajiacB Heo6xoflHMocTH k ycjioBHSM THna 
corjiacoBaHHfl. 

J\ji5i nojiyHeHHfl TaKHx ycjiOBHii mbi 6yfleM flH4)4)epeHii;HpoBaTi> ycjiOBHs (3) 
no t. Tor^a nojiynnM 



(/l U) it) = Ut {t, Xq) + Utx {t, Xq) ax,2 + ^tea: (t, ^o) Cti^s + (t, Xx) + 

(t, X\) A,2 + Mto^o; (t, X\) Pl,3 = ^1 (t) = V'l (t) 

(/2 m) (t) = (t, xo) a2,i + titx (t, a;o) 0:2,2 + Utxx {t, Xo) 02,3 + Ut {t, Xi) ^2,1+ 



{I3 U) (t) = Ut {t, Xo) 0:3,1 + Utx (t, Xq) 0:3,2 + Utxx (t, ^^o) "3,3 + Ut {t, Xi) /33,i + 

+Utx (t, xi) /33,2 + Utex (t, a:i) /33,3 = Z3 (t) = -03 (^) 
HpHHeM 3fl,ech SyfleM TpeSoBaTt, htoSbi BBinojiHsuiHCi. jinmi. ycjiOBna 



+Utx (t, Xi) p2,2 + Utxx (t, Xi) ^2,3 = ^2 (t) = ^2 (0 



(5) 




= 1,2,3. 



OneBH^Ho, HTo ecjm u G Wp^n (G) ecTh pemenHe saflann (1), (2), (5), to ona 
sBjiaeTca TaioKe pemeHHeM aaflann (l)-(3) npn 




to 



+Zq (xo) oi,3 + Zo {xi) + Z'q {xi) Pi,2+Zq (xi) /3i,3; 
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t 

i'2 (t) = y (t) dr + Zo {Xo) Q!2,l + Z'q {Xq) a-2,2 + Zq {Xq) Q;2,3+ 
to 

+^0 /32,i + ^0 (^i) ^2 + (^i) /92,3; 

t 

^3 (^) = y ^3 (t) (ir + Zo (xo) Q!3,l + Z'q {xq) Q;3,2 + Zq (xo) Q!3,3+ 
to 

+ ^0 (Xl) /33,1 + 4 (^l) /53,2 + Zo (^l) ^3,3. (6) 

OTMeTHM, HTO fljia 4)yHKii,Hii (6) ycjiOBHfl corjiacoBaHHfl (4) BbinojiHfliOTCfl 
TpHBHajibHMM o6pa30M. BepHO H oSpaTHoe, T.e. ecjin u e Wp]n^ (G) aBjiaeTca 
pemeHHeM aaflann (l)-(3), to ona aBjiaeTCfl TaioKe pemeHHeM aaflanH (1), (2), 
(5) npH Zi (t) — ■0i (t) , -^2 (t) — fp2 (t) H (t) — ip'^ (t). Hnane roBopa, saflanH 

(1) -(3) H (1), (2), (5) SKBHBajieHTHbi B Wplf\ ripH 3T0M pemeHHe saflanH (1), 

(2) , (5) ecTb pemeHHe saflanH (l)-(3) npn HeKOToptix ipi (t) , -02 (t) , i^s (t) yflo- 

BJieTBOpflIOII],HX yCJIOBHflM COrjiaCOBaHHfl aBTOMaTHHeCKHM o6pa30M. 

OflHaKO, aa^ana (1), (2), (5) no nocTanoBKe Sojiee ecTecTBeHna, neivi (l)-(3). 
riosTOMy B flajibHenmeM Sy^en HCCJieflOBaTi. tojibko sa^any (1), (2), (5). 



2. HHTerpajibHoe npe^cTciBjieHHe 4)yHKii;HH b npocTpciHCTBe 
C.JI.Co6ojieBa nocpe^cTBOM onpe^ejiaiomHx onepaTopoB npn 

HCCJie^OBclHHH HejIOKcUIBHOii 3clflaHH 

PasjiHHHbie Kjiaccbi HejioKajibHbix sa^an THiia BHii,a^3e-CaMapcKoro jijm ;],h4)- 
4)epeHD,HajibHbix ypaBHeHHil HBjiHjiHCb pesyjibTaTOM HCCjie^oBaHHil MHorHX Ma- 
TeMaTHKOB [12-15] H ^p. KpoMe Toro, HyjKHO OTMCTHTb, HTO b jiHTepaType HCCJie- 
ppBauhi pa3HOo5pa3Hbie HejiOKajibHbie sa^a^H THiia CaMapcKoro-HoHKHHa fljiH 
pasjiHHHbix KjiaccoB /j,H4)4)epeHii,HajibHbix ypaBHenHii [16-17]. TaKHe nejiOKajib- 
Hbie KpaeBbie saflann Tnna Bni^aflse-CaMapcKoro h CaMapcKoro-HoHKHna b mo- 
flH4)Hi];HpoBaHHbix TpaKTOBKax paccMaxpHBajiHCB B paSoTax aBTopa [18-19]. 

PaccMOTpHM aaflany (1), (2), (5). 3Ty aaflany HannmeM b onepaTopnoM BH^e 

Vu = Z, (7) 

Sflecb: 

V = (Vi,3, /o, h, k, h) , 



5 



Z = (Zi,3 (i, x) , Zo (x) , Z, (t) , Z2 (t) , Zs (t)) e E^%'\ 

Ep,n^ = Lp,n (G) X W^f^ (Xo, Xi) X Lp,„ (to, h) X (to, tl) X (to, ti) . 

HopMy B npocTpancTBe Ep^n'' 6yfleM CHHTaTb onpeflejieHHofi ecTecTBeHHbiM 
o6pa30M npH noMOiii,H paBencTBa 

11^114^;=^) = II^1.3|Ilp,„(G) + ll^olll^if2(xo,xi) + ll^l|lLp,n(to,ti) + 

+ \\^'^\\Lp,„(to,ti) + ll^3|li,p_„(to,ti) • 

Mo:>KHO flOKasaTb, hto oiiepaTop 1/ : {G) — )■ JiHHeeH h orpanHHen. 

Onpe^ejieHHe. i?c^u Sam ak)6o30 Z G -E'p,A ypaenenue (7) (aadana (1), (2), 

fl 3) 

(5)) UMeem eduHcmeeHHoe pemenue u e VFp,n (G) maKoe, nmo 

mo 6ydeM soeopum'b, nmo onepamop V ypaeneHUA (7) (sadanu (1), (2), (5)) 
ocymecmeAMem soMeoMop^usM Mecncdy Wp^,^^ (G) u Ep^n \ uau 6ydeM soeopumb, 
Hmo sadana (1), (2), (5) eeade KoppeKuiHO paapemuMa, sde M > nocmoAHHoe 
(nesaeucfivnee om K09^uii,ueHmo6 Kpaeeou aadanu (1), (2), (5), a maKCHce om 
pasMepHocmeu o6Aacmu G), 

fl 3) i\ 3) 

B cjiynae, Kor^a V ecxb roMeoMop4)H3M Meac^y Wp^n (G) h Ep^n , oiieparop 
V o6jiaflaeT orpaHHHeHHott oGpaTHoft onpc/j,c.;ieHHOH na Ep^n ■ 

B coBpeMeHHoii TeopHH ^H4)(j3epcHLi,HajibHbix ypaBHCHHH ocoSoe snaneHHe 
HMeeT Boiipoc o BbiHBjieHHH KjiaccoB sa^an, oiiepaTopbi KOTopbix ocymecTBjiHioT 
roMeoMop(j3H3M MejK^y oiipe/j,ejieHHbiMH iiapaMH SanaxoBbix iipocTpancTB. TaKHe 
roMeoMop4)H3Mbi BbiHBjieHbi B paSoTax K).M.Bepc3aHCKoro h 5I.A.PoHT5epra 
[20], H.B.>KHTapamy [21], CCAxHCBa [22], aBTopa [23-24] h /j,p. fyia HeKOTO- 
pbix KjiaccoB flH4)4)epeHi],HajibHbix ypaBHeHHii c nacTHbiMH npoH3BOflHbiMH. 

Saflany (1), (2), (5) 6yfleM HccjieflOBaTb npn noMomH HHxerpajibHbix npefl- 

fl 3^ 

CTaBjieHHH cneii;HajibHoro BH^a fljia 4)yHKn;Hii u e Wp^n {G). J\^^ 4)yHKii,HH 
u e Wp^n {G) MOJKHO HaHTH pa3JiHHHbie HHTerpajibHbie npeflCTaBjieHHfl. OyHK- 

fl 3) 

i];hio u e Wp^n {G) MOJKHO npeflCTaBHTb, HanpHMep, b BH^e 
t 



u{t,x) = u{to,x) + J 



Ut{T, xo) + (x - Xo)ut^iT, xo) H 2! '^txx{r, Xo) 



to 



t X 

\2 



+ J J Ut^Ur.O^^^^drdi, (9) 

to Xo 

nOCpeflCTBOM CJie^OB u{tQ,x) , Ut{t,XQ), Utx{t, Xq) , Utxx{t,Xo) H flOMHHHpyiO- 

meii npoH3BOflHOH Utxxx {t^x)- CymecTByiOT TaioKe npeflCTaBjiennfl flpyrnx bh- 

flOB, n03BOJiaiOIII,HX BbipaSHTb 4)yHKII,HI0 U (t, x) nOCpeflCTBOM HeKOTOptlX CJieflOB 
H HaCTHblX npOH3BOflHbIX. O^^HaKO, Mbl SyflBM CTaBHTb TaKOH BOnpOC. HejIBSfl 

JIH flJIfl 4)yHK^HH u e wi^ri^^ (G) HaiiTH npeflCTaBjieHHe, KOTopoe no3BOJiHjio 6hi 
onpeflejiHTb 4)yHKi];Hio u{t,x) OflHoanaHHO no SHaHenHflM (Bku), k — l,...,m, 
HeKOToptix saflaHHbix onepaTopoB Bk, k — 1, .., m, na stoh 4)yHKn;HH u {t, x). Ec- 
jiH, nanpHMep, 4)yHKii,Hio u e (G) mojkho Sbijio BOCCTanoBHTb oflHoanaHHO 

no ananennflM (Vi^su) {t,x) , (Iqu) (x), (hu) (t) , (hu) (t) n (Isu) (t), onepaTopoB 
^1,3) ^0) ^1) h H ^3 Ha 3T0H 4)ynKn;HH, to naxoac^enne pemennfl aaflann (1), (2), 
(5), ne npeflCTaBjifljio 6i>i co6oio ocoSyio xpyflHOCTB. O^naKO, naxoxcflenne noflo6- 
Horo npeflCTaBjiennfl paBnocnjibno nocTpoennio oSpaTHoro oneparopa p^jia one- 
paropa V SToft saflann. HosTOMy stot Bonpoc mbi 6yfleM CTaBHTb b cjie^yion^eM 
ocjiaGjiennoM Bnpie. HaiiTH ^jih 4)yHKn;HH u G Wp^A (G) npeflCTaBjienne, no ko- 

TOpOMy MOJKHO SblJIO 0/J,H03HaHH0 BOCCTaHOBHTb 4)yHKIJ,HIO U {t, x) HO SHaHCHHaM 

(Iqu) (x) , (hu) (t) , {hu) (t) , (hu) (t) H DtDl u (t, x). 

J\ji?i HsyneHMH 3Toro BOiipoca mbi Gy^eM ncnojiBSOBaTb cj^opMyjiy (9). Cnanajia 
4)opMyjiy (9) sannmeM b bh^c 



+ 



to 



u {t, x) = (Qb) {t, x) = if (x) + 

dT+ (10) 



h,o (r) + {x- xo) (r) + ^^^^^f^6i,2 (r) 



* ^ 2 

+ / / ^^ir^^i,3 dr di, {t, x) e G, 



to Xo 



b = (6i,3 {t, x) ,ip{x), bifl (t) , (t) , 6i,2 (t)) 
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H 

ip{x) ^u{to,x), 
bi,o (t) = Ut{t,Xo), 

bi,i{t) ^ Utx{t,xo), (11) 

bl,2 (t) = Utxx {t,Xo), 

HsBecTHO, HTo fljia jiioGoh (Jdyhki^hh u e Wp,A {G) cymecTByex eflHHCTBeH- 
HaH HHTepKa 

6= (6i,3, 6i,o, ^'M, ^1,2) e ^l^''^ 

nOCpeflCTBOM KOTOpOfi 3Ty 4)yHKI];HI0 MOJKHO npeflCTaBHTb B BHfle (10). 

MojKHO flOKaaaTb, hto Bepno h o6paTHoe. Hnane roBopa, fljis jiio6oh aaflan- 
HOH nflTepKH 6 = (^1,3, bifi, 61,1, 61,2) h3 £^p,n 4)yHKii,Hfl u {t, x), onpeflejifleMafl 
paBencTBOM (10) npHHafljieacHT npocTpancTBy Wp^n^ {G) oSjia^aeT cjie^aMH 

U (to, x), Ut {t, Xq) , Utx {t, Xq), Utxx (t, Xo), a TaKJKe flOMHHHpyiOIII,eH npOHSBOflHOii 

Ufxxx (t, x) onpeflejiaeMOH paBencTBaMH (11). 

Bojie Toro, npn stom moxcho naiiTH nojioJKHTejitHbie nocToaHHbie Ci h C2 

TaKHe, HTO 

Ci Il?'ll4|„3) < ||g6||^(.3)(^) < C, , V6 e E^fl (12) 

Hnane roBopa, onepaTop Q ocyii],ecTBjifleT roMeoMop4)H3M Meacfly npocTpan- 

CTBaMH Ep]n^ H (G). IToSTOMy (G) = Ep]n'' B CMblCJie rOMeOMOp4)H3- 

Ma. 

Tenept sjieivieHT b — (&i,3, f, 610, 61 2) € -Ep^A^^ nocTapaeMca BbiSnpaTb Ta- 
KHM o6pa30M, HToSbi cooTBeTCTByiomaH (|)yHKn,HH (10) yflOBjiexBopsjia ycjiOBHSM 
(2) H (5). /Jjia SToro iio/j,CTaBHM 4)yHKii,Hio (10) b ycjiOBHax (2) h (5). 

Torfla H3 (2) nojiyHHM, hto 

(/o m) (x) = (/? (x) , (13) 
H3 ycjioBHH (5) nojiyiHM cjie^yiomHe ycjioBHa: 

(hu) (t) = 61,0 (t) ai^i + (t) Q!i,2 + 61,2 (i) a;i,3+ 



+ 



61,0 (t) + Ab,,^ (t) + ^61,2 (t) + I ^^^^^1,3 it, rf? 



^1,1+ 
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+ 



XI 

bi,i it) + Ah,2 it) + / (^1 - bi,3 {t, dC 



+ 



xo 

Xl 



Pl,2+ 



bi,2 (t) + J 6i,3 {t, 



xo 



/3i,3; 



{k U) {t) = 6i,o {t) a2,l + {t) a2,2 + &1,2 {t) «2,3+ 



+ 



Xl 



h,o it) + A6i,i it) + ^h,2 (t) + I ^^^^^1,3 i) d^ 



xo 



/52,1 + 



+ 



Xl 



6i,i(t) + A6i,2(t)+ / {x,-0h,3{t, Odi 



+ 



Xo 

XI 



P2,2 + 



bi,2 {t)+ J 6i,3 it, dC 



xo 



/32,3; 



+ 



6i,o (t) + A6i,i (t) + —bi,2 (t) + 



2! 



&1,3 



xo 



P3,l + 



+ 



(t) + A6i,2 (0 + / {x,-0bi,3{t, Odi 



+ 



xo 

XI 



^3,2+ 



bl,2 (t) + J 6i,3 {t, 



Xo 



'3,3, 



A = Xl — Xo- PaseHCTBa (14) sannmeM b BH^e 



{h u) (t) = 6i,o (t) (ai,! + + (^) (ai,2 + A/3i,i + /3i,2) + 
+bi,2 (t) (^«i,3 + + A/3i,2 + /^i.a) + 

Xl 

+ J b,,3 {t, 



Xo 



/3; 



2! 



+ A,2 (xi-0+A,3 



(/2 U) (t) = 6i,o (t) {^2,1 + ^2,l) + {t) {a2,2 + A/32,1 + ^2,2) + 



+6i,2 (t) (^a2,3 + ^/32,1 + A/32,2 + /92,3^ + 



XI 



+ 1 h,s {t, 

XO 



2,1- 



(^1 - 0' 

2! 



+ /32,2 {Xl -0+ ^2,3 



{k u) {t) = 6i,o {t) (aa,! + ^3,1) + 61,1 {t) (^3,2 + A/^s.i + ^3,2) + 

+bl,2 (t) (^a3,3 + ^/33,l + A/33,2 + /33,3^ + 



+ / bi,3 {t, 



/3; 



2! 



+ /33,2 (Xl - + /33,3 



dC 



BBefleM cjieflyiom,He oGosHaneHHa 



71,1 = "1,1 + ^1,1; 71,2 = "1,2 + A/3i,i + ^1,2; 
A2 

7l,3 = "1,3 + + ^^^1,2 + /3l,3; 72,1 = "2,1 + ^2,1] 

A2 

72,2 = "2,2 + A^2,l + ^2,2; 72,3 = ^2,3 + ^/^2,1 + A/32,2 + ^2,3; 
73,1 = "3,1 + ^3,i; 73,2 = "3,2 + ^1^3,1 + 1^3,2; 

A2 

73,3 = "3,3 + -^^3,1 + A/33,2 + ^3,3] 



ai (x) = /3i,i 
a2 (x) = /32,i 

^3 (x) = /33,i 



{xi - 


xf 


2! 




{xi - 


xf 


2! 




{xi - 


xf 



2! 



+ /3i,2 {xi - x) +/3i,3; 
+ /32,2 {xi - x) +/32,3; 

+ /33,2 {xi - x) +/33,3; 



Tor^a paseHCTBa (15) npniviyT bha 
fci.o {t) 71,1 + ^'1,1 (^) 71,2 + &i,2 {t) 71,3 = iku) (t) - J 6i,3 {t, ai (0 d^; 



XO 
XI 



bl,0 (t) 72,1 + &1,1 (t) 72,2 + &1,2 (t) 72,3 = (^2^) (t) - J 61,3 {t, 02 (0 C^C; 



XO 



10 



bi,o {t) 73,1 + &i,i {t) 73,2 + 61,2 (t) 73,3 = ihu) {t) - J 61,3 {t, «3 (0 (16) 



PaseHCTBa (16) mojkho paccMaTpHsaTb xax cHcxeMy jiHHeHHbix ajireSpanne- 

CKHX ypaBHeHHH OTHOCHTejIbHO HenSBeCTHMX 61,0 {t), ^1,1 {t) H bi^2 {t)- 

ripH noMOii],H 3n-MepH0H MaTpHi];i.i 



7i,i 72,1 73,1 ^ 



7 



71,2 72,2 73,2 

\ 7l,3 72,3 73,3 J 

CHCTeMy (16) aanHineivi b bh^b BeKTopnoro ypaBHennfl 



(&i,o it) , 61,1 (t) , 61,2 (t)) 7 = ihu) (t) - J 61,3 (t, «i (^) 

XI XI \ 

ik u) it) - J 61,3 it, a2 (0 d^, iku) it) - J 61,3 it, a3 (0 d^ . (16*) 



IlycTb MaTpHii;a 7 oGpaxHMa. OGpaxHyio MaTpHii,y 7 ^ o6o3HaHHM ^epea 

^ iCl,! Xi,2 i^l,3 ^ 

-f^2,l -f^2,2 -f^2,3 
y ir3,i 7^3,2 ^3,3 J 



7 = 



npHHeM KajKflas h3 i^'j j HBjiaeTCfl HeKOTopoii KBaflpaTHoii nocTOflHHoii MaTpni^eii 
nopflflKa n. Tor^a hs (16*) nojiynHM 

/ XI 

ih,o it) , 61,1 it) , 61,2 (t)) = (/i«) (t) - y 61,3 it, ai (0 dC, 



XO 



XI XI 1 

iku) it) - J 61,3 it, «2 (0 ihu) it) - J h,s it, as iO di 



X 



XQ 



Xo 



( Ki,2 7^1,3 \ 

-^2,1 -^2,2 ^2,3 
\^ -^3,1 -^3,2 -f^3,3 J 
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riosTOMy 



^1,0 (t) 



+ 



+ 



+ 



+ 



bi,2 it) 



+ 



+ 



XI 



{hu){t)- / 61,3 (t, O^iiOd^ 



Xo 



XI 

ihu) (t)- J 61,3 {t, 0^2 iOd^ 



xo 



xo 



K2A- 



XI 

ihu) it)- J 61,3 {t, Oai iOdC 



Xo 



^1,2+ 



XI 

iku) (t) - J 61,3 (t, a2 (0 d^ 



Xo 



XI 

ihu) (t) - J 61,3 {t, «3 (0 dC 



Xo 



K- 



3,2, 



ihu) (t) - J 61,3 {t, ai (0 d^ 



xo 



ihu) it) - I 61,3 {t, a2 iO dC 



Xo 



ihu) (t) - J 61,3 {t, as iO di 



XO 



K2,3+ 



u 



Tenepb BbipaaceHHa (17) ynTCM b paBencTBe (10). Torfla nojiyHHM 

(x - Xo)' 



(17) 



{t, x) = (lou) (x) + J {h u) (r) 



to 



+ 



t 

J ihu) (r) 



to 



^2,1 + ^2,2 {X - Xo) + 7^2,3 



[X - XqY 

2! 



2! 
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+ 



J ihu) (r) 



to 



^3,1 + ^3,2 {X - Xq) + i^3,3 



[X - XqY 

2! 



+ 1 1^ h,s (r, \ eK^o {t-T)e{x- 

-e it - t) [ai (0 + a2 (0 ^2,1 + as (0 i^3,i+ 
+ (ai (0 is:i,2 + a2 (0 ^2,2 + 03 (0 ^3,2) {x - Xq) + 



+ 



(ai (0 i^i,3 + a2 (0 ^2,3 + aa (0 ^^3,3) 



2! 



t/rd^, (18) 



r^e ^ (2;)-4)yHKi];Hfl XsBHcaiifla na npocTpancTBe R fleHCTBHTejibHbix hhcbji, a 
n X n- Mepnaa eflHHHHHaa MaTpHi];a. 
IlycTi. 



/3i (x) = ^1,1 + Xi,2 - Xq) + ^1,3- 



2! 



= -Qi (x) , 



P2 (X) = K2,l + K2,2 (x - Xo) + K2,S^^^^ = -q2 (x) , 
(X) = ^3,1 + i^3,2 {X - Xo) + X3,3-^^-^p^ = -^3 (x) , 



X 



- 0' 

2! 



/?o (r, t, x) = ^ (t - r) X 
^ (x - ^ + oi (0 qi (x) + 02 (0 q2 (x) + (0 ^3 (x) 



(19) 



Tenepb 4)opMyjiy (18) sannmeM b bh^c 



t t 
(t, x) = (lou) (x) + J ihu) (r) A (x) + y" (^2^^) (r) ^2 (a;) (iT+ 



to 



to 



+ j ihu) (r) (33 (x) dr + ^ Utxxx {r, ^) i?o (r, ^; t, x) rfr rf^. 
to 



(20) 



TaKHM o6pa30M, flOKasana cjieflyiomas. 

TeopeMa. Ecau detj 7^ 0, mo AK)6aH (pyHK%UH u G Wp]n^ (G) npedcmaevMa 
eude (20). 
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OHeBHflHO, HTO npasaa nacTb 4)opMyjii>i (20) onpeflejiaeTca nocpeflCTBOM 3Ha- 
HeHHH {lou) (x) , {hu) (t) , (hu) (t) , (hu) (t) H Utxxx {t, x) onepaTopoB 
lo, h, h, h ^ DtDl Ha paccMaTpHBaeMoii 4)yHKii;HH u{t,x). HosTOMy onepaTopti 
^o,h,h,h H -Dj-D^ 6yfleM HaatiBaTb onpeflejiaiomHMH onepaTopaMH fljia npe^- 
CTaBjieHHa (20). 



3. Sa^ana Fypca KjiaccHHecKoro BH^a KaK HacTHbiii cjiyHcttt nejio- 
KajifaHoii KOMSHHHpoBaHHoii 3a/],aHH (1), (2), (5). 

Tenepb paccMoxpHM cjieflyiomHH nacTHbiH cjiyHaii aaflaiH (1), (2), (5): 



1 3 



D.Dlu {t, x) + J222 i^tDiu {t, x)) A, {t, 



x) 



i=0 j=0 
i+i<4 



Zi,3(t,x), {t,x)eG (21) 

(22) 



(ku) (x) = u{to, x) ^ Zo (x) , 
(hu) (t) = ut {t, xo) q;i,i + utx {t, xo) q;i,2 + Utxx {t, Xq) ai.a = Zi (t) 

(ku) (t) = Ut {t, Xo) a2,l + Utx {t, Xo) a2,2 + Utxx {t, Xo) Q!2,3 = ^2 (t) (23) 
(hu) (t) = Ut {t, Xo) 0:3,1 + Utx {t, Xo) 0:3,2 + Utxx {t, Xo) 0:3,3 = Zs (t) 

riycT fleTepMHHaHT 3n-MepH0H MaTpHn,bi 

/ 0:1,1 0:2,1 03,1 ^ 
0:1,2 0:2,2 0:3,2 

\ 0:1,3 ^2,3 0:3,3 / 

OTjiHHeH OT Hyjifl, T.e. det 7 7^ 0. Tor^a ycjiOBHs (23) MoacHO npHBecTH k BH^y 

Ut {t,xo) = Zi (t) 

Utx {t, Xo) = Z2 (t) (24) 

Utxx {t, Xo) = Z3 (t) 
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Sflect: 



Z^ (t) = Z,{t)Kl, + Z2 it) + Z3 {t) Kl, 
Z2 it) = Z^{t)Kl^ + Z2 (t) + Z3 {t) Kl^ 
Z3 {t) = Z,{t)Kls + Z2 it) Kl, + Z3 it) Kl, 



(25) 



a 



( \ 

-"■1,1 -"-1,2 -"-1,3 

-"■2,1 -"-2,2 -"-2,3 

\^ Kl^ KI2 J 
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oSpaTHaa Maxpni^a pjia MaTpHi];i>i 7, T.e. — ^y'^, npHHeM Kff KBaflpaTHtie 
MaTpHii;i>i nopflflKa n. 

PaseHCTBa (25) noKasbiBaiOT, hto ecjin Zi e Lp^nito, ii), i — 1,2,3 Tor^a 
Zi e Lp„ (to, ti), i — 1, 2, 3. riosTOMy ycjiOBHa (23) h (24) SKBHBajieHTHbi. 

KpoMe Toro, ycjioBHH (22) h (24) mojkho paccMaxpHBaTb xax ycjiOBHs Fypca 
HeKjiaccHHecKoro BH^a. OHeBH^Ho TaK>Ke, hto ecjiH det 7 7^ 0, to ycjioBHa (22) 
H (23) sKBHBajieHTbi ycjiOBHHM Fypca neKjiaccHHecKoro BH^a (22) h (24). 

EcjiH 4)yHKn;HH u G Wp^n {G) y^oBjieTBopaeT ycjioBHHM Fypca HCKjiaccHHe- 
cKoro BH^a (22) h (24), to na yflOBjicTBopacT Taxace ycjioBH3M Fypca KjiaccH^e- 
CKoro BHfla (22) h 

u {t, xo) = cpi (t) 

(t, Xo) = ip2 (t) (26) 

Uxx {t, Xo) = f3 {t) 

npH 

( * 

(fii {t) ^ Zo{xq) + J Zi (r) dr 

to 

< ip2 it) = Z'o {xo) + JZ2 (r) dr (27) 

to 

^3 {t) = ZI {xo) + / ^3 (r) dr 

,. to 

BepHO H o6paTHoe, b tom CMbicjie, hto ecjin 4)yHKn;Ha u E Wp]^^ (G) y^o- 
BjieTBopaeT ycjiOBHSM (22) h (26) (r^e Zq e Wp^n (xq, Xi) h (pi E Wp^n (to,ti) , 
i = 1, 2, 3) TO OHa yflOBjieTBopaeT TaioKe ycjiOBHSM (22), (24) npn Zi (t) — ifi[ (t), 
Z2 (t) — (fi2 (t) , Zz (t) — (/?3 (t). TaKHM o6pa30M, B npocTpancTBe Wp^n^ (G) ycjio- 
BHfl Fypca HCKjiaccHHecKoro BH^a (22), (24) SKBHBajieHTbi ycjiOBHaM Fypca Kjiac- 
CHHecKoro BH^a (22), (26). 0/j,HaKO, b cjiynae ycjiOBHH Fypca (22), (26) npaBbie 

naCTH KpaCBblX yCJIOBHH, KpOMC yCJIOBHH 

Zo G Wp'^n {xo, xi) H (pi G Wpln {h, ti) flOJiJKHbi noflHHHaTbca TaKsce cjiefly- 
lomiiM ycjioBHSM corjiacoBaHHH: 

Zo (xo) = (fi (to), ^0 ('^o) = ^2 (to), Zq (xo) = (ps (to)- 

B cjiynae jkc ycjiobhh Fypca HCKjiaccHHecKoro BH^a (22), (24) na iipaBbix 

HaCTCfl KpaCBblX yCJIOBHll, KpOMC Zo G Wp^n {xo, Xi) m Zi E Lp^n (to, ti) , i = 
1,2,3, HHKaKHX ^OlIOJIHHTejIbHBIX yCJIOBHH THHa corjiacoBaHHH He Tpe5yiOTCH. 

HosTOMy aaflana Fypca HCKjiaccHHecKoro BH^a (21), (22), (24) no nocTanoBKe 



15 



flBjiaeTCfl Sojiee ecTecTBenHoii, neivi aa^ana Fypca KjiaccHnecKoro BH^a (21), (22), 
(26). 
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